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E lectroless plating is a batchprocess consisting of a number of
process sequences, any of which may
affect the results of electroless copper
plating. Electron microscopes are pow-
erful instruments for analyzing and ac-
quiring process information that can
be subsequently applied to optimize
the outcome. 
This article describes an example
of how electron microscopy could be
successfully implemented in devel-
oping a novel electroless copper
plating process applied on hollow ce-
ramic cenospheres from coal com-
bustion, to develop conductive fillers
for EMI shielding.
Fly-ash spheres
In electroless plating, the part is im-
mersed in different agitated solutions
until it is plated and the surface is free
of residue. The process as applied to
fly-ash cenospheres consists of three
steps:
• Sensitization in a stannous
chloride solution 
• Ac t i va t ion  in  a  pa l lad ium
chloride solution
• Plating in a complex copper sul-
fate solution 
The copper sulfate solution also con-
tains reducing agents, in which palla-
dium acts as a catalyst. A few cleaning
and drying steps are also required to
complete the process. 
Fly-ash particles are a by-product of
coal-fired power plants. The particles
are hollow spheres within a size range
of 30 to 300 ? m. Although the chem-
istry of the particles varies depending
on the coal-combustion process, they
are mainly composed of silica and alu-
mina.
The size distribution, chemistry, and
amount of fly-ash, as well as the chem-
ical composition and pH of the plating
solutions, affect the coating process to
a great extent. Furthermore, the plating
process is highly complex and
*Member ASM International
difficult to control, and it is also difficult
to change. However, the process must
usually be altered for new substrates
and even for scale-up from laboratory
processes. 
When trying to establish a working
electroless plating process for parti-
cles, the first rule to apply is the size
rule: smaller-size particles have a
higher surface area per volume. There-
fore, a higher electroless bath con-
centration is needed throughout the
process. Size distribution is easily de-
termined by an electron microscope in
combination with image analysis soft-
ware (Fig. 1a and b). 
An unsuitable plating composition
results in either partially coated sur-
faces or some completely uncoated
particles, which appear as charging
areas in the SEM. Partially coated par-
ticles (Fig. 2) are caused by either an
insufficient number of copper ions in so-
lution, or insufficient amount of pH sta-
bilizer in the plating solution. The pH
stabilizer is needed to maintain an ap-
propriate pH range for efficient copper
reduction by formaldehyde. These two
conditions may lead to thin and patchy
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Fig. 1a — This colorized electron microscope photomicrograph shows a single fly ash
Fig. 1b — The size distribution among
fly ash particles ranges from 30 to 300 mi-
Fig. 2 — Partially coated particles may
be caused by an insufficient number of
copper ions in solution.
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coatings, and can be distinguished by
the appearance of the plating solution,
which in the first case turns clear and
in the second case remains blue
because of the extra  copper ions. 
Uncoated particles (Fig. 3) are
caused by insufficient activation by pal-
ladium. This is resolved by making
sure that enough palladium is present
and by allowing longer stirring time.
Some studies have suggested that
copper loses its catalytic activity when
thickness increases, which might be
the reason for the remaining blue color
of the solution.
Growth morphology of the copper
coating can be studied to understand
the plating process further. If the sen-
sitization and activation are done right,
the copper coating builds up in a lay-
ered fashion. 
The coating initiates uniformly over
the surface as an array of connected
copper nanoparticles in a single layer
(Fig. 4). Slightly non-uniform deposi-
tion of the active palladium on the sur-
face eventually creates complete cov-
erage. This is because copper coatings
build up from islands that are initially
separated from each other, but which
eventually coalesce and form a thicker
and more non-uniform “first layer” (Fig.
5). 
Cross-section thickness
SEM proves to be inadequate to
measure the cross-section thickness
of a coating on a small particle. The
common sample preparation methods,
such as pressing a pellet containing
the particles, followed by polishing,
consume too much time. To circum-
vent this problem, a focused ion beam
instrument (FIB) was used to quickly
and precisely measure and visualize
the coating cross-section. The prepa-
ration consists of the following steps,
all confined within and executed in-situ
by the FIB:
• Depositing a protective layer of
platinum as an  upper reference 
• Milling a hole through the coating 
• Tilting the sample to view the
cross-section.
All three steps are shown in Fig. 6,
7, and 8 (Figures 7 and 8 both repre-
sent a tilted sample). The coating
thickness can then be easily mea-
sured, and the cross-section may be
readily inspected at a very high mag-
nification with enhanced resolution.
The cross-section in Fig. 9 is thick and
porous, which suggests that the copper
deposited with excessive copper in so-
lution and at a high rate, causing hy-
drogen gas (extracted during the
copper reduction process) to be
trapped inside the coating. By lowering
the copper concentration and control-
ling the pH, the process yields very uni-
form and homogenous coatings with
Fig. 3 — This photomicrograph shows
15% uncoated particles. 
Fig. 4 — The coating process is initi-
ated as an array of connected copper
Fig. 5 — The nanoparticles grow and
coalesce, forming layer after layer until the
copper is depleted from the solution.
Fig. 6 — Focused ion beams deposit a
protective layer of platinum as an upper
reference. 
Fig. 10 — This thin uniform coating was
the result of a controlled deposition rate
and a sufficient concentration of
Fig. 9 — This thick porous coating was
formed too fast, and trapped hydrogen gas
inside the coating.
Fig. 8 — The same ion-milled hole, as
seen at low magnification. 
Fig. 7 — An ion-milled hole as seen at
an angle of 45 degrees.
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a sufficient coating thickness, as shown
in Fig. 10.
Mechanistic aspects
As mentioned earlier, the coating
process is achieved through sensiti-
zation, activation, washing, and coating
in a copper sulfate bath in the pres-
ence of the reducing agent formalde-
hyde. Our detailed microscopy and X-
ray photoelectron spectroscopy studies
at each step reveals that the coating
is initiated by palladium clusters (4 to
5 nm) and not by palladium-tin alloy
formation during sensitization and ac-
tivation. The coating bath first dissolves
this sheath, exposing the palladium
sites for actual copper deposition. The
copper coating begins at this point,
when copper atoms formed by the re-
duction of Cu2+ ions by HCHO, are de-
posited on the ceno-sphere particle
surface, the reaction which is activated
by Pd(0) sites. Deposited copper
atoms then act as self-catalysts for
subsequent deposition, and the result
is development of a uniform coating
via formation and growth of copper
nanoparticles.
In conclusion, the coating thickness
and coating quality are greatly im-
proved by combining sound engi-
neering skills with powerful analytical
instruments, such as SEM and FIB.
The thickness of the copper coating
can vary from 200 nm to 1 ? m, de-
pending on the coating conditions.
The process was successfully scaled
up for a pilot plant plating facility and
was then transferred to an external
company for possible commercial-
ization. Recently, we have also de-
veloped cost effective-based activa-
tors in place of costly palladium
chloride, which can reduce the
coating cost considerably.                 n
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